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(57)Abstract: 

PURPOSE: To spare the time for initial normal revolution 
when the reverse revolution is required and improve the 
starting performance and driving feeling, by instructing the 
normal revolution through a controller after it has instructed 
a preliminary revolution composed of a specified rotary angle 
or reverse revolution for a specified time immediately when 
the starting instruction is input. 

CONSTITUTION: A reversible generator-motor 3 as a 
starting motor is connected to the crank shaft of an internal 
combustion engine 1 and a battery 8 is connected to the 
generator-motor 3. The generator motion and the motor 
motion of the generator-motor 3 are changed over and the 

field current is controlled in an electric power controller 5. The angle of crank shaft is detected by a 
crank angle sensor 14. And the generator-motor 3 is controlled by a controller 4 through the electric 
power controller 5 on the basis of the detected crank angle. At this time, the controller 4 instructs a 
preliminary revolution composed of a specified rotary angle or reverse revolution for a specified time 
immediately after the input of starting instruction. Thereafter, the normal revolution is instructed. In 
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this way, the starting performance is improved and the starting time is shortened. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the internal combustion engine starting system for cars 

which puts an internal combustion engine into operation. 

[0002] 

[Description of the Prior Art] When it judges with starting being poor with the lock between ** etc., 
JP,3-3969,A is indicating improving startability by repeating normal rotation and an inversion of 
predetermined time by turns, while giving an internal combustion engine the normal rotation torque for 
initial starting in the fixed time amount and normal rotation direction according to a starting command. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since a rotation halt was distinguished and starting 
failure was detected with the above-mentioned conventional equipment after grant of the normal rotation 
torque for the first initial starting, and predetermined time, the time amount to this starting failure 
detection was taken too much, and even if it succeeded in starting, the problem of making the 
dissatisfaction that an operator is hard to start hold was. 

[0004] Next, since it rotates normally first uniformly irrespective of the change direction of load torque 
with the above-mentioned conventional equipment, if the first normal rotation will be performed in the 
direction in which load torque increases, it stops without almost rotating, and it will be generated also 
when supplying electric power in useless power in the meantime. This invention is made in view of the 
above-mentioned trouble, and sets it as the purpose to offer the internal combustion engine starting 
system for cars in which the improvement in startability and compaction of starting time amount are 
possible. 
[0005] 

[Means for Solving the Problem] The starting motor with which the internal combustion engine starting 
system for cars of the 1st invention puts the internal combustion engine of a car into operation and in 
which forward inverse rotation is possible, In the internal combustion engine starting system for cars 
equipped with a crank angle detection means to detect said internal combustion engine's crank angle, 
and the control means which controls said starting motor based on said crank angle After said control 
means orders it the preliminary rotation which a starting instruction inputs and consists of an inversion 
of a predetermined angle of rotation or predetermined time immediately, it is characterized by being 
what orders it normal rotation of normal. 

[0006] The starting motor with which the internal combustion engine starting system for cars of the 2nd 
invention puts the internal combustion engine of a car into operation and in which forward inverse 
rotation is possible, In the internal combustion engine starting system for cars equipped with a crank 
angle detection means to detect said internal combustion engine's crank angle, and the control means 
which controls said starting motor based on said crank angle After said control means orders it 
preliminary rotation of said starting motor to the load torque reduction direction determined based on 
said detected crank angle, it is characterized by being what orders it normal rotation of normal. 
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[0007] In a suitable mode, said control means orders it normal rotation of said normal, after ordering it 
the second preliminary rotation which consists of normal rotation and an inversion of a predetermined 
angle of rotation or predetermined time, respectively after said preliminary rotation. 
[0008] 

[Function and Effect(s) of the Invention] The equipment of each invention drives the internal 
combustion engine of a car possible [ forward inverse rotation ]. In the 1st invention, after ordering it the 
preliminary rotation which a starting instruction inputs and consists of an inversion of a predetermined 
angle of rotation immediately, it is ordered normal rotation of normal. By this, when an inversion is 
unnecessary, only this inversion time amount is in starting slightly, but when an inversion is required, 
the time amount accompanying such the first normal rotation can be saved (namely, when the first 
starting goes wrong), and good operation feeling can be given to an operator. 

[0009] In the 2nd invention, after only a predetermined angle of rotation carries out preliminary rotation 
of the starting motor in the load torque reduction direction on the occasion of starting, it is ordered 
normal rotation of normal. Thereby, when load torque decreases in the normal rotation direction, a 
generator motor is immediately driven in the normal rotation direction from immediately after starting. 
In this case, if initial starting torque overcomes initial-load torque including statical friction resistance, 
in almost all cases, a generator motor will rotate favorably with reduction of load torque. On the 
contrary, when load torque decreases in the inversion direction, a generator motor is immediately driven 
in the inversion direction from immediately after starting. In this case, if initial starting torque 
overcomes initial-load torque including statical friction resistance, a generator motor will be smoothly 
driven in the inversion direction. Therefore, in subsequent normal rotation, by the above-mentioned 
inversion (preliminary rotation), each friction surface has formed the abbreviation dynamical friction 
side by the breadth of oil etc. (coefficient of friction falls), therefore load torque (load resistance) will 
decrease, and after a starting instruction, startability will improve rather than it rotates normally 
immediately. 

[0010] In addition, the reason whose startability of an internal combustion engine improves by inversion 
is explained below. That is, the load torque at the time of starting (load resistance) is generated by 
frictional resistance, the acceleration resistance, and work resistance (gas compression etc.). Although an 
engine starts conquering these resistance by the first normal rotation, if these resistance is strong, while 
it has been small, it does not go up, but will go into the field which work resistance (gas compression 
etc.) increases to the inside of it, a dc-battery will be exhausted, or frictional resistance will increase 
locally, driving torque will lose load resistance in rotational speed, and rotation will stop it. 
[001 1] Then, if it reverses beforehand before normal rotation, since each friction surface will turn into a 
field rotated until now in the next normal rotation, a friction condition can be mostly considered to be a 
dynamical friction condition (condition in which friction decreased from the beginning), rather than the 
first above-mentioned normal rotation, it can rotate easily and starting realizes it. Therefore, according 
to **** 1 and the 2nd invention, improvement in startability and saving of power, and compaction of 
starting time amount are realized. 
[0012] 
[Example] 

(Example 1) One example of the control unit of the generator motor for internal combustion engines of 
this invention is shown in drawing 1 . The generator motor 3 having both the functions of the generator 
which this generator motor for internal combustion engines is connected with the crankshaft of the 
internal combustion engine 1 of a car possible [ torque transfer ], and carries out power transfer with the 
accumulation-of-electricity means (dc-battery) 8, and a motor, The power control section 5 which 
controls field current while changing generation-of-electrical-energy actuation and electric actuation of 
this generator motor 3 (a part of control means as used in the field of this invention), It consists of a 
crank angle sensor 14 which consists of an absolute rotary encoder which detects the include angle of a 
crankshaft, and a controller (remainder of the control means as used in the field of this invention) 4 
which controls the power control section 5 based on the signal from a sensor 14, and controls actuation 
of a generator motor 3. A controller 4 consists of an engine control unit (ECU) which is a computer for 
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internal combustion engine control, and a ROM which memorizes the various maps of this example. The 
above-mentioned sensor 14 and control means 4 and 5 constitute the control unit as used in the field of 
this invention. 

[0013] The electrical diagram of this equipment is shown in drawing 2 . A generator motor (starting 
motor as used in the field of this invention) 3 consists of a three phase synchronous machine, the rotor 
core (not shown) is looped around the exiting coil 31, and the stator core (not shown) is looped around 
the three phase armature coil 32 by which star connection was carried out. The power control section 5 
consists of a three phase inverter circuit 5 1 by which closing motion control is carried out based on a 
crank angle, and a transistor 52 for exciting-current intermittence. The three phase inverter circuit 51 It 
consists of inverters 5u, 5v, and 5w of each phase which comes to carry out the series connection of the 
npn transistor (or IGBT) of a pair. The both ends of the inverters 5u, 5v, and 5w of each phase are 
connected to the both ends of a dc-battery 8, and parallel connection of each above-mentioned transistor 
(or IGBT) of the three phase inverter circuit 51 is carried out to diode. And the output contact of the 
inverters 5u, 5v, and 5w of each phase is connected to each outgoing end of the three phase armature 
coil 32. The end of an exiting coil 31 is connected to the lower order edge of a dc-battery 8, and the 
other end is connected to the high order edge of a dc-battery through the transistor 52. 
[0014] Although generation-of-electrical-energy actuation and electric actuation are switched by control 
of the closing motion timing of each transistor of the three phase inverter circuit 51 by the command of 
ECU13 and the energization duty ratio of an exciting current is controlled by intermittence of the 
transistor 52 for exciting-current control, since the above-mentioned matter is common knowledge, the 
detail explanation beyond this is omitted. Thereby, a generator motor 3 performs generation-of- 
electrical-energy actuation and electric actuation, and carries out torque transfer with an internal 
combustion engine 1, and carries out power transfer with a dc-battery 8. 

[0015] The crank angle sensor 14 detects an internal combustion engine's 1 crank angle, and a speed 
sensor 1 5 detects the vehicle speed. Hereafter, actuation of the control device of this example is 
explained with reference to the flow chart of drawing 3 . First, when it is not inputted and (100) inputted 
whether the ignition switch turned on (was the starting instruction emitted or not?), ECU 13 performs 
other routines and carries out step 100 again after predetermined time. 

[0016] If an ignition switch turns on, theta will be read from the crank angle sensor 14 whenever [ crank 
angle ] (101), it will be [ whenever / this crank angle ] intermittent in each transistor of the power 
control section 5 in the electric phase mode according to theta, and electric actuation of the generator 
motor 3 will be carried out to hard flow. Moreover, the transistor for field current intermittence of the 
power control section 5 is ordered the field current energization with a duty ratio 100%, and 
continuation energization of the field current is carried out at this transistor for field current 
intermittence (103). This reverses a generator motor 3 by the maximum torque. Next, it investigates 
whether it reversed only pi/4 by crank angle theta, or (104) delta t hours have passed since inversion 
initiation (106), if it is Yes, it will progress to step 108, and if it is No, a return will be carried out to step 
101. 

[0017] At step 108, it is [ whenever / crank angle ] intermittent in each transistor of the power control 
section 5 in the electric phase mode according to theta absolutely, and electric actuation of the generator 
motor 3 is carried out in the forward direction. In addition, it is the same as a front to order the transistor 
for field current intermittence of the power control section 5 the field current energization with a duty 
ratio 100%. This reverses a generator motor 3 by the maximum torque. 

[0018] Next, it investigates whether predetermined time deltat progress of was done from normal 
rotation initiation (110). If it is Yes, will carry out a return to step 101 as starting failure, and it will 
reverse again. It investigates whether if it had not passed, engine-speed n exceeded the threshold 
rotational frequency nth by reading of crank angle theta (112). If it has exceeded and will not suspend 
and be over electric mode operation of a generator motor 3 at step 1 14 as a starting success, it acts as 
Lean to step 108, and normal rotation is maintained. 

[0019] That is, in this example, since the configuration which carries out the starting cycle which 
consists of an inversion and normal rotation for every predetermined time progress until it reaches a 
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predetermined rotational frequency is adopted, startability can be improved, avoiding useless power 
consumption, when it will go and come back to the same friction surface and frictional resistance 
decreases gradually by the surroundings of an oil etc., until it succeeds in starting. The operating state of 
this example is illustrated to drawing 4 . In addition, a dotted line shows the case where an inversion- 
normal rotation cycle is carried out twice. 

[0020] (Deformation mode) Since load torque (load resistance) changes according to fluctuation of a 
crank angle (0-2pi), according to this, an inversion-normal rotation cycle, inversion time amount, or an 
inversion include angle can also be adjusted. For example, since there is nothing if starting is easy in the 
field in which load torque is near the peak price, and load torque increases with normal rotation, it is 
made easy to repeat an inversion-normal rotation cycle several times and to rotate. Since starting is more 
easy in the field in which load torque is near the minimum value, and load torque increases with normal 
rotation, it is made easy to repeat an inversion-normal rotation cycle only at once and to rotate. Since 
starting is easy in the field in which load torque decreases with normal rotation, it rotates normally 
immediately. If it does in this way, startability can be improved avoiding useless power consumption. 
(Example 2) others — an example is explained with reference to the flow chart of drawing 5 . 
[0021] When it is not inputted and (100) inputted whether this example corrected even steps 101-108 of 
an example 1 , and the ignition switch turned it on first (was the starting instruction emitted or not?), 
ECU 13 performs other routines and carries out step 100 again after predetermined time. If an ignition 
switch turns on, in crank angle theta (current value) which read theta from the crank angle sensor 14 
whenever [ crank angle ] (101), next was read, the normal rotation direction will investigate whether it is 
the load torque increase direction (102). That is, since an internal combustion engines 1 load torque 
(load resistance) changes with crank angle theta, it can distinguish that can distinguish that load torque 
increases in the normal rotation direction if crank angle theta which memorizes the include-angle field 
where load torque increases in the normal rotation direction, and was read into it is in this field, 
otherwise, load torque increases in the inversion direction. 

[0022] If the normal rotation direction is the load torque increase direction, a generator motor 3 will be 
reversed by the maximum torque in the inversion direction like step 103 of an example 1, and it will 
investigate whether crank angle theta was set to theta x (105). In addition, the crank angle theta x is the 
angular position to which load torque decreases towards the normal rotation direction here somewhat 
more greatly (for example, about 20% of the difference of the maximum of load torque, and the 
minimum value) than the minimum value of load torque. 

[0023] That is, the emasculation is carried out to the inertia energy which accelerated further since load 
torque was still small, although it was smoothly accelerated since load torque decreased to the minimum 
value of load torque when driving in the normal rotation direction from this crank angle theta x, and 
frictional resistance was decreasing by inversion, and load torque increased towards the after that and 
normal rotation direction, and was acquired by these acceleration, and the maximum point of load torque 
can be overcome. 

[0024] Steps 105 and 106 are the same as an example 1. On the other hand, if it is No, since load torque 
will decrease with normal rotation at step 102, it rotates normally by progressing to step 108 
immediately. As explained above, since it judges whether the normal rotation direction is reversed 
according to the increase direction or the reduction direction of load torque in this example, if the 
normal rotation direction is the reduction direction of load torque for example, it can start without an 
inversion, and the time amount and power consumption which an inversion takes can be saved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the internal combustion engine starting system for cars characterized by to be what orders 
it normal rotation of normal after ordering it the preliminary rotation which a starting instruction inputs 
said control means in the internal combustion engine starting system equipped with the starting motor 
which puts the internal combustion engine of a car into operation, and in which forward inverse rotation 
is possible, a crank-angle detection means detect said internal combustion engine's crank angle, and the 
control means which controls said starting motor based on said crank angle for cars, and consists of an 
inversion of a predetermined angle of rotation or predetermined time immediately. 
[Claim 2] The starting motor which puts the internal combustion engine of a car into operation and in 
which forward inverse rotation is possible, and a crank angle detection means to detect said internal 
combustion engine's crank angle, In the internal combustion engine starting system for cars equipped 
with the control means which controls said starting motor based on said crank angle said control means 
Internal combustion engine starting system for cars characterized by being what orders it normal rotation 
of normal after ordering it preliminary rotation of said starting motor to the load torque reduction 
direction determined based on said detected crank angle. 

[Claim 3] Said control means is internal combustion engine starting system for cars according to claim 1 
or 2 which is what orders it normal rotation of said normal after ordering it the second preliminary 
rotation which consists of normal rotation and an inversion of a predetermined angle of rotation or 
predetermined time, respectively after said preliminary rotation. 
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DRAWINGS 



[Drawing 61 
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[Drawing 31 
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